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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor laser of a 
structure, wherein temperature dependence of oscillation 
wavelength of the laser is reduced and the oscillation wavelength is 
stable to a temperature change. 

SOLUTION: Distributed reflectors having different temperature 
dependences of effective refractive index are formed on both sides 
on the front and rear of an active region 2 of a distributed 
reflection type semiconductor laser, and sample diffraction gratings 
6 and 7 are respectively formed on these distributed reflectors. 
The ratio of the temperature gradient to a change in the refractive 
indexes of optical waveguides 4 and 5 on the front and rear of this 
active region 2 to the sample period of the diffraction gratings 6 
and 7 contrives so as to become constant to constitute a vernier 
structure using the distributed reflectors formed on the front and 
rear of the above region 2. 
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[Claini(s)] 

[Claim 1] Semiconductor laser characterized by having the dif3&action-grating structure of reflecting 
two or more wavelength prepared in at least two kinds of optical waveguides from which the 
temperature dependence of an equivalent refractive index dififers, and said optical waveguide Ln the 
semiconductor laser which has a Bragg reflection machine. 

[Claim 2] Semiconductor laser according to claim 1 characterized by the diffraction-grating structure 
prepared in said optical waveguide being a sample difiraction grating. 

[Claim 3] Semiconductor laser according to claim 1 or 2 characterized by for the product of the 
equivalent refractive index of optical waveguide and diffraction-grating period in the mean 
temperature when changing a chip temperature at least to be fixed, and the reciprocal ratio of the 
temperature gradient of refractive-index change of optical waveguide and the sample period of a 
sample diffraction grating being fixed in the optical waveguide which forms said two or more sample 
diffraction gratings. 

[Claim 4] Semiconductor laser according to claim 3 characterized by being the distribution reflective 
mold which has a sample diffraction grating at least to an active region, the passive field where the 
temperature dependence of an equivalent refractive index differs on direction both sides of a 
resonator of an active region^ and said passive field. 

[Claim 5] Semiconductor laser according to claim 3 characterized by having the active region which 
has said sample diffraction grating at leasts and the passive field which has said sample diffraction 
grating. 

[Claim 6] Semiconductor laser according to claim 4 or 5 characterized by having a heating device by 
the current impregnation for controlling the temperature of said optical waveguide. 
[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention is for stabilizing the oscillation wavelength of semiconductor 

laser to a temperature change about semiconductor laser especially. 

[0002] 

[Description of the Prior Art] As for the semiconductor laser which has Bragg diffraction grids put m 
practical use as semiconductor laser for hi^-speed optical communication, such as a distributed 
feedback laser (DFB:distribut6d feedback laser diode) and a distribution reflective mold 
(DBR:distributed Bragg reflector), oscillation wavelength is determined by the equivalent refractive 
index and diffraction-grating period of waveguide. However, since the refractive index of the 
semi-conductor which constitutes laser has temperature dependence, the oscillation wavelength of 
laser changes to a long wavelength side at degree C in about O.lnm /with lifting of a chip temperature. 
Therefore, in the wavelength multiplex transmission (WDM:wavelengtitL division multiplexing) 
system especially with the important control precision of wavelength etc., the temperature control by 
the Peltier device of semiconductor laser became indispensable, therefore power consumption 
increased, and the device was enlarged. 

[0003] The approach of adopting the matter which has the negative temperature dependence in which 
a refractive index falls to a temperature rise as shown, for example in JP,60-5588,A as an approach of 
reducing the temperature dependence of the oscillation wavelength of such laser, and matter to which 
a part of laser cavity becomes short by the temperature rise is learned. Moreover, the approach of 
adopting as a reflector the dielectric which has a negative refractive index to temperature as shown, 
for example in JP,9-92924,A is learned. The forward refractive-index temperature dependence of the 
semiconductor material which constitutes laser by using the ingredient which has negative 
refractive-index temperature dependence is compensated with these approaches, and stabilization of 
wavelength is in drawing. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since the ingredients which have the 
above-mentioned negative refractive-index temperature dependence are dielectrics, such as oiganic 
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materials, such as polystyrene and PMMA, and lithium fluoride, it is not necessarily easy to apply the 

usual laser making process, and sufficient result is not necessarily obtained about the dependability 

of a laser property, and long term stability as compared with the usual semiconductor laser. 

[0005] The object of this invention has the temperature dependence of oscillation wavelength in 

offering small laser using the usual semiconductor laser making process. 

[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the following 
invention by combining two or more semiconductor waveguides from which the temperature 
dependence of a refractive index differs was variously reached as a result of examination. 

1 . Semiconductor laser characterized by having diffraction-grating structure of reflecting two or more 
wavelength prepared in at least two kinds of optical waveguides from which temperature dependence 
of equivalent refractive index differs, and said optical waveguide in semiconductor laser which has 
Bragg reflection machine. 

2. Semiconductor laser given in the above 1 characterized by diffiaction-grating structure prepared in 
said optical waveguide being sample diffraction grating. 

3 . Semiconductor laser given in the above 1 or 2 characterized by for product of equivalent refractive 
index of optical waveguide and diffraction-grating period in mean temperature when changing chip 
temperature at least to be fixed, and reciprocal ratio of temperature gradient of refractive-index 
change of optical waveguide and sample period of sample diffraction grating being fixed in optical 
waveguide which forms said two or more sample diffraction gratings. 

4. Semiconductor laser given in the above 3 characterized by being distribution reflective mold 
which has sample diffraction grating at least to active region, passive field where temperature 
dependence of equivalent refractive index differs on direction both sides of resonator of active region, 
and said passive field. 

5. Semiconductor laser given in the above 3 characterized by having active region which has said 
sample diffraction grating at least, and passive field which has said sample diffraction grating. 

6. Semiconductor laser given in the above 4 or 5 characterized by having heating device by current 
impregnation for controlling temperature of said optical waveguide. 

[0007] 

[Embodiment of the Invention] The principle of this invention is first explained using drawing 2 . 
Drawing 2 is drawing explaining the reason which the wavelength of the distribution reflective moid 
laser shown in drawing 1 mentioned later stabilizes, (d) shows the axis of abscissa for the front-face 
side reflectance spectrum [ in / in a chip temperature / 0 degree Cj 20 degrees C, 50 degrees C, and 
100 degrees C ] 22 of a component, and the component rear-face side reflectance spectrum 23 
typically as wavelength fixwn (a) in drawing. As shown in drawing 2 , reflectance spectrum spacing of 
the front-face side reflectance spectrum 22 of a component is narrow as compared with the 
component rear-face side reflectance spectrum 23, and the reflectance spectrum before and behind a 
component constitutes vernier structure. Moreover, the front-face side wavelength temperature 
gradient 24 of a component is small compared with the component rear-face side temperature 
gradient 25. Laser oscillation of the laser which has the distribution reflector of such structure is 
carried out on the wavelength both whose reflectance spectrums correspond approximately. 
Therefore, even when a chip temperature changes, wavelength spacing of a reflectance spectrum has 
the structure where the oscillation wavelength 21 hardly changes, in order to hardly change, also 
when temperature changes. Namely, it considers as the structure (the product of the equivalent 
refractive index of optical waveguide and a diffraction-grating period is in agreement) whose main 
wavelength of a reflectance spectrum corresponds in the mean temperature (50 degrees C) when 
changing a chip temperature in the optical waveguide which forms two sample diffraction gratings. 
When the temperature gradient (temperature gradient of refractive-index change of optical 
waveguide) of reflectance spectrum change and the ratio (reciprocal ratio of the sample period of a 
sample diffraction grating) of wavelength spacing of a reflectance spectrum make it regularity, it has 
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the structure of compensating change of the wavelength to a temperature change. 
[0008] This invention's changing with differences in a presentation of the temperature dependence of 
a re&active index with the temperature dependence of bandgap energy, the wavelength dispersion 
property of a refractive index, etc, or the refractive-index temperature dependence of a passive field 
uses becoming large compared with the active region to which threshold carrier density increases in 
connection with a temperature rise, and a refractive index falls. Moreover, this invention uses that a 
refractive index changes almost linearly to a temperature change in the temperature which usually 
uses laser. 
[0009] 

[Example] Next, the example of this invention is explained with reference to a drawing. 
[0010] Example 1 drawing 1 is cross-section structure of distribution reflective mold laser which 
shows the configuration of the 1st example of this invention, it is shown in drawing 1 — as — the 
n-InP substrate 1 top MOVPE — by law, the multiplex quantum well (MQW) active region 2 and 
the p-InP cladding layer 3 from which the peak of luminescence wavelength is set to 1.5S 
micrometers are grown up. next, Si02 from which it etches so that an active region 2 may serve as 
die length of 300 micrometers, and coverage differs optical waveguides 4 and 5 before the direction 
of a resonator of an active region 2, and on after both sides the selection MOVPE which sandwiched 
waveguide with the mask — an InGaAsP layer is grown up by law. By the front-face side of a 
component (optical output side), forbidden-band width of face makes wavelength the presentation of 
optical waveguides 4 and 5, by the presentation [ corresponding to 1.20 micrometers ] (InGaAsP 
1 .20-micrometer presentation), and component rear-face side, forbidden-band width of face makes it 
wavelength, and it is produced, respectively so that it may become the presentation (InGaAsP 
1 .25-micrometer presentation) corresponding to 1 .25 micrometers. 

[0011] Next, an electron-beam-exposure method is used for the optical waveguide before and behind 
this, the sample diffraction grating 6 which becomes the 660-micrometer optical waveguide by the 
side of the front face of a component from a diffraction grating with a period of 0,2400 micrometers 
to a 20-micrometer field at intervals of 220 micrometers is produced, and the sample diffraction 
grating 7 which becomes the 600-micrometer optical waveguide by the side of a rear face from a 
diffraction grating with a period of 0.2405 micrometers to a 20-micrometer field at intervals of 200 
micrometers is produced. 

[0012] this optical waveguide top ~ MOVPE ~ after growing up the InP cladding layer 8 by law ~ 
the usual laser production process — following — the optical waveguide of stripe geometry forming 
MOVPE ~ a current block layer is re-grown up using law. Furthermore, nonreflective coatings 12 
and 13 are performed to the n lateral electrode 9, the p lateral electrode 10, and a component order 
ends side, and laser is produced. 

[0013] Thus, in the reflective temperature of 20 degrees C, as for the produced laser, the i.65nm 
spacing and component rear-face side serves as [ the front-face side of a component ] 1 .80nm spacing 
focusing on the wavelength of 1.5474 micrometers focusing on the wavelength of 1.5477 
micrometers. Therefore, a reflectance spectrum before and after constituting vernier structure from 
1 .55 10 micrometers in 20 degrees C is in agreement, and carries out laser oscillation. 
[0014] Moreover, if the temperature dependence of each distribution reflector has become in degree 
C and 0. 12nm /by the 0. 1 Inm [ // degree C ] and component rear-face side by the front-face side of a 
component and a chip temperature rises by 7.5 degrees C, a reflectance spectrum will change to 
0-825nm and 0.90nm long wavelength side, respectively. Therefore, since a reflectance spectrum is in 
agreement by 1.5510 micrometers also in this case, when oscillation mode changes to the next mode 
to a temperature change, laser with the small variation of oscillation wavelength is realized. The chip 
temperature has such an oscillation propeity from 0 to 100 degrees C, and distribution of oscillation 
wavelength is stabilized by about Inm or less in this temperature requirement. 

[0015] although InGaAsP optical waveguide was produced with etching and re-growth in this 
example — Selection MOVPE — it is also possible to form formation, simultaneously the optical 
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waveguide field of an active region using law. Moreover^ although considered as the structure which 
does not form an electrode in a di£fraction-grating formation field in this example, by making the InP 
cladding layer 8 into a p-!nP cladding layer, it is also possible to form an electrode and fine 
adjustment of oscillation wavelength is attained by pouring a current into a diffraction-grating 
formation field in this case. Although the sample diffraction grating is furthermore formed in optical 
waveguide by this example, it is [ that what is necessary is just what constftutes the reflectance 
spectrum which reflects two or more wavelength ] possible sunilarly to constitute such a reflectance 
spectrum by the phase shift diffraction grating and the periodic modulation diffraction grating. 
[0016] Example 2 drawing 3 shows the cross-section structure of the semiconductor laser which is 
the 2nd example of this invention, it is shown in drawing - as — the n-InP substrate 1 top ~ Si02 the 
selection MOVPE using a mask ~ by law, the multiplex quantum well (MQW) barrier layer 2 and 
optical waveguide 5 are produced so that the peak of luminescence wavelength may be set to 1.55 
micrometers and 1 .2 micrometers, respectively. Next, the sample diffraction grating 7 which becomes 
the 500-micrometer optical waveguide 5 from a diffraction grating with a period of 0.2410 
micrometers to a 25-micrometer field at intervals of 125 micrometers about a diffraction grating with 
a period of 0.2400 micrometers again is formed in a 30-micrometer field at intervals of ISO 
micrometers at the 450-micrometer barrier layer 2. Furthermore, the p-MP cladding layer 3 and the 
InP cladding layer 8 are formed by two growth on this active region and optical waveguide. Then, 
according to the usual laser production process, the optical waveguide of stripe geometry which has a 
current block layer is formed, the nonreflective coatings 12 and 13 are formed in the n lateral 
electrode 9, the p lateral electrode 10, and a component forward rear face, and laser is produced. 
[0017] Thus, the oscillation and reflectance spectrum in the active region and distribution reflector 
field of laser which were produced constitute vernier structure as well as an example 1, and 
temperature dependence has become in 0.1 Onm [ degree C ] /and degree C and 0.1 2nm /, respectively. 
When the oscillation wavelength of this laser changes a chip temperature from 0 degree C to 100 
degrees C, it changes periodically by the same principle as an example 1, and distribution of that 
variation is stabilized by 0.5nm or less. 

[0018] Example 3 drawing 4 shows the cross-section structure of the semiconductor laser which is 
tlie 3rd example of this invention. Only the point which is accumulating the accumulation mold 
heater 14 formed by titanium differs from the first example. Drawing 5 shows the temperature 
dependence of the oscillation wavelength when not operating the accumulation mold heater of the 
produced laser. Whenever it changes continuously [ wavelength ] about O.lnm/degree C to a long 
wavelength side in connection with a temperature rise and about 8 degrees C of temperature change, 
oscillation mode changes next to one and oscillation wavelength moves to a short wavelength side 
discontinuously. Distribution of oscillation wavelength is stabilized by about Inm or less in the 
temperature requirement from 0 degree C to 100 degrees C. At an accumulation heater, drawing 6 
pours in a current, and operates it, and by tuning a chip temperature finely shows the case where 
oscillation wavelength is stabilized. Since 8 degrees C or less of the amount of temperature changes 
by heater heating are sufficient, the oscillation wavelength shown by - of drawing by current 
impregnation of about 50mA of maxes is obtained, and it is stabilized by O.lnm or less as distribution 
of oscillation wavelength. 
[0019] 

[Effect of the Invention] According to the laser structure of having a distribution reflector by this 
invention, the laser component which stabilized oscillation wavelength to chip temperature change is 
offered, as a result, the Peltier device of a laser module etc. becomes unnecessary, and 
miniaturization of a device and low cost-ization are realized. 
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